The genus Chryseobacterium, described by Vandamme et al. (1994) , comprises many species from very different sources. In the last few years, the number of species of the genus has increased to more than 70 (e.g. Hugo et al., 2003; Kämpfer et al., 2003 Kämpfer et al., , 2009 Kämpfer et al., , 2010a Kämpfer et al., , b, 2011 Li et al., 2003; de Beer et al., 2005; Kim et al., 2005 Kim et al., , 2008 Shen et al., 2005; Shimomura et al., 2005; Young et al., 2005; Park et al., 2006; Tai et al., 2006; Behrendt et al., 2007 Behrendt et al., , 2008 Hantsis-Zacharov et al., 2008; Herzog et al., 2008; Szoboszlay et al., 2008; Weon et al., 2008; Cho et al., 2010) , with more than 10 species proposed in 2013 (Bajerski et al., 2013; Charimba et al., 2013; Hoang et al., 2013; Holmes et al., 2013; Kirk et al., 2013; Montero-Calasanz et al., 2013; Nguyen et al., 2013; Park et al., 2013; Sang et al., 2013; Wu et al., 2013) . They have been isolated from a wide variety of samples, including environmental and also clinical sources (Bernardet et al., 2006; Kämpfer et al., 2009; Holmes et al., 2013) .
Two yellow-pigmented strains, one isolated from a pharyngeal scrape sample obtained from a living and apparently healthy chicken in Saxony-Anhalt, Germany (100 T ), and another as a contaminant on an agar plate from a rhizosphere sample (C26 T ), isolated on CHROMagar Acinetobacter (CHROMagar, Paris, France) and tryptic soy agar (TSA; Oxoid), respectively, showed some morphological similarities and were studied comparatively. Strain C26 T appeared on about a dozen different culture plates after transferring cultures. The origin of the contaminant was never determined, but it appeared to be part of a batch of TSA that was not sterilized thoroughly in the autoclave. The source of the organism was Auburn University, Auburn, AL, USA.
Strains 100 T and C26 T were maintained and subcultivated on nutrient agar (NA; Oxoid) at 30 u C for 48 h and subsequently analysed for their 16S rRNA gene sequence, fatty acid methyl ester composition of whole-cell hydrolysates, further phenotypic features and DNA-DNA relatedness to those type strains most closely related on the basis of 16S rRNA gene sequence similarity. Reference strains for physiological and biochemical tests and fatty acid analysis (C. joostei CCUG 46665 T , C. viscerum 687B-08 T and C. tructae 1084-08 T ) and further reference strains for DNA-DNA relatedness analysis were grown under the same conditions as the novel strains.
Cultural and morphological characteristics were determined from cultures grown on NA. The Gram reaction was tested on the basis of a modified method of Gerhardt et al. (1994) and the motility test was done under a light microscope on cells grown for 3 days in nutrient broth (Oxoid) at 30 u C. Oxidase activity was tested using the bioMérieux oxidase reagent according to the instructions of the manufacturer. Catalase activity was tested by gas formation after dropping H 2 O 2 on fresh biomass grown for 48 h on NA (Oxoid). Growth was investigated at 4, 8 or 10, 30, 37, 45 and 50 u C on NA. NaCl tolerance was investigated in tryptic soy broth (TSB; Oxoid) supplemented with 0.5-8.0 % (w/v) NaCl. The dependence of growth on pH was also tested in TSB adjusted to pH 4.5-12.5 (in increments of 1.0 pH unit) by the addition of HCl or NaOH.
Both strains showed Gram-negative staining behaviour and formed visible (diameter about 2 mm) yellowish colonies within 48 h at 30 u C. Colonies of the two strains were quite similar, translucent and glistening with entire edges. A bright yellow pigment of the flexirubin type [KOH method according to Reichenbach (1989) ] was produced by both strains on NA. Strains 100 T and C26 T were positive for oxidase activity. Cells of both strains were non-motile, nonspore-forming rods (approx. 1 mm wide and 2 mm long). Both strains grew well on NA, brain heart infusion agar, R2A agar and TSA but not on MacConkey agar (Oxoid). For strain C26 T , no growth was observed below 8 u C or above 37 u C; for strain 100 T , no growth was observed below 8 u C or above 45 uC. Strain C26 T grew in TSB at 28 uC in the presence of 0-2 % (w/v) NaCl, but not 3 %; strain 100 T also grew with 0-2 % NaCl and grew weakly in the presence of 3 % NaCl but did not grow in the presence of 4 % NaCl. Both strains grew in TSB adjusted to pH 5.5-12.5, but not pH 4.5.
Detailed physiological characterization and biochemical tests were performed to assess the carbon source utilization pattern and hydrolysis of chromogenic substrates as described by Kämpfer et al. (1991) . Additional biochemical tests were performed: production of hydrogen sulphide, using the lead acetate paper and triple-sugar-iron methods, the indole reaction with Ehrlich's and Kovacs' reagents, activities of arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and DNase (Oxoid CM321; supplemented with 0.01 % toluidine blue), b-galactosidase (ONPG) and urease on Christensen's urea agar and hydrolysis of casein, gelatin (plate method), starch and tyrosine (Smibert & Krieg, 1994) . Both strains utilized only very few carbon sources, similar to all species of the genus Chryseobacterium, but were able to hydrolyse many chromogenic substrates. Biochemical and physiological data are given in Table 1 and in the species descriptions.
Phylogenetic analyses based on nearly full-length 16S rRNA gene sequences were performed in ARB release 5.2 (Ludwig et al., 2004) using the All-Species Living Tree Project (LTP; Yarza et al., 2008) database release LTPs111 (February 2013). Sequences not included in the LTP database were aligned with SINA (version 1.2.11; Pruesse et al., 2012) and implemented in the LTP database. The alignment including all sequences used for tree reconstruction was checked manually based on secondary structure information. Pairwise 16S rRNA gene sequence similarities were calculated using the ARB neighbour-joining tool without an evolutionary substitution model. Phylogenetic trees were reconstructed with the maximum-likelihood method using RAxML version 7.04 (Stamatakis, 2006) with GTR-Gamma and rapid bootstrap analysis (100 resamplings) and based on 16S rRNA gene sequences between sequence positions 82 and 1394 (according to the Escherichia coli numbering; Brosius et al., 1978) .
The sequenced 16S rRNA gene fragments from strains 100 T and C26 T were respectively continuous stretches of 1394 (positions 20-1430) and 97.1 % to C. culicis. Sequence similarities to members of all other species of the genus Chryseobacterium were below 97.5 %. The reconstruction of a phylogenetic tree using the maximum-likelihood method showed that the two strains formed a distinct cluster (bootstrap support of 99 %) and grouped together with the type strains of C. joostei and C. oncorhynchi, but without high bootstrap support ( Fig. 1 Genomic fingerprint analysis based on three rep-PCR techniques [BOX, (GTG) 5 and ERIC PCRs] were also performed to differentiate strains 100 T and C26 T at the genomic level. Analysis was performed as described previously (Glaeser et al., 2013) using the following primers: BOXA1R (59-CTACGGCAAGGCGACGCTGACG-39) for BOX PCR, (GTG) 5 (59-GTGGTGGTGGTGGTG-39) for (GTG) 5 PCR (both from Versalovic et al., 1994) and ERIC1R (59-ATGTAAGCTCCTGGGGATTCA-39) and ERIC2 (59-AAGTAAGTGACTGGGGTGAGC-39) for ERIC PCR (Versalovic et al., 1991) . All three fingerprint patterns showed clear differences between the two strains at the genomic level ( Fig. 2) and therefore supported the distinction of the two strains into separate species, as indicated by DDH analysis.
Analysis of the cellular fatty acid profiles of whole-cell hydrolysates was done as described previously (Kämpfer & Kroppenstedt, 1996) and revealed the following most abundant fatty acids for both strains: iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 17 : 1 v9c and summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c). The complete fatty acid patterns of strains 100 T and C26 T also showed slight differences and are shown in Table 2 in comparison with those of the type strains of the most closely related species of the genus Chryseobacterium.
Polyamines, quinones and polar lipids of the two isolates were extracted from biomass grown on PYE medium (0.3 % peptone from casein, 0.3 % yeast extract, pH 7.2). Biomass subjected to polyamine extraction was harvested at the late exponential growth phase, whereas biomass subjected to quinone and polar lipid extraction was harvested at stationary growth phase. Polyamine analysis was carried out as described previously (Busse & Auling, 1988; Busse et al., 1997) . Quinones and polar lipids were extracted as described by Tindall (1990a, b) and Altenburger et al. (1996) . HPLC analyses were carried out using the equipment described by Stolz et al. (2007) . The polyamine patterns of strains 100 T and C26 T , with the major compound sym-homospermidine, are consistent with the emended description of the genus Chryseobacterium (Kämpfer et al., 2009) . The polyamine pattern of strain 100 T contained (per g dry weight) 21.0 mmol Table 1 . Comparison of characteristics of strains C26 T and 100 T with the type strains of the most closely related species of the genus Chryseobacterium Strains/species: 1, C26 T ; 2, 100 T ; 3, C. joostei CCUG 46665 T ; 4, C. viscerum 687B-08 T ; 5, C. tructae 1084-08 T ; 6, C. culicis R4-1A T ; 7, C. jejuense KACC 12501 T ; 8, C. indologenes CCUG 14556 T ; 9, C. aquifrigidense KCTC 12894 T ; 10, C. arthrosphaerae CC-VM7 T ; 11, C. gleum (two strains). Data were obtained in this study (columns 1-5) Growth on MacConkey agar 2 2 2 2 2 2 + + + 2 ND Acid production from: sym-homospermidine, 0.5 mmol spermidine, 0.4 mmol spermine, 0.1 mmol putrescine and cadaverine and traces (,0.1 mmol) of 1,3-diaminopropane and sym-norspermidine. The polyamine pattern of strain C26 T contained (per g dry weight) 32.4 mmol sym-homospermidine, 0.5 mmol spermine, 0.2 mmol spermidine, 0.1 mmol sym-norspermidine and traces (,0.1 mmol) of putrescine and cadaverine.
The quinone system of strain C26 T contained predominantly menaquinone MK-6 (96 %), MK-5 (4 %) and traces of MK-7 (,0.1) and that of strain 100 T contained exclusively MK-6. The only identified lipid in the polar lipid profile of strain C26 T was phosphatidylethanolamine, which was present as a major component. Additional major compounds detected were unidentified lipids, including four glycolipids, GL1, GL3, GL4 and GL6, three aminolipids, AL1, AL3 and AL4, one aminophospholipid (APL1) and two polar lipids not containing a sugar moiety, an amino group or a phosphate group (L3, L8). Furthermore, moderate to minor amounts of one aminolipid (AL2), two glycolipids (GL2, GL5) and six polar lipids (L1, L2, L4-L7) were detected (Fig. 3a) . Strain 100 T showed an almost identical polar lipid profile, differing only in the presence of an additional lipid L9 and the absence of lipid L6 (Fig. 3b ). Detection of phosphatidylethanolamine as the only identifiable lipid is a common trait of chryseobacteria and also other species of the phylum Bacteroidetes. The presence and distribution of unidentified aminolipids and polar lipids, not stainable with any of the specific reagents that detect glycolipids, aminolipids and phospholipids, is quite similar to the polar lipid profiles reported for other members of the genus Chryseobacterium such as C. defluvii B2 T , C. gambrini 5-1Sta T , C. molle DW3 T , C. ginsengisoli DCY 63 T , C. indoltheticum LMG 4025 T and C. gleum ATCC 35910 T (Kämpfer et al., 2003; Herzog et al., 2008; Nguyen et al., 2013) . However, the presence of the six glycolipids with their specific chromatographic motility clearly distinguishes strains C26 T and 100 T from all species of the genus Chryseobacterium described so far and reflects their close phylogenetic relatedness.
On the basis of the results of this polyphasic study, it is obvious that strains 100 T and C26 T represent two novel species of the genus Chryseobacterium, for which the names Chryseobacterium gallinarum sp. nov. and Chryseobacterium contaminans sp. nov. are respectively proposed.
Description of Chryseobacterium gallinarum sp. nov.
Chryseobacterium gallinarum (gal.li.na9rum. L. gen. fem. pl. n. gallinarum from/of chickens or hens).
Cells are Gram-negative staining, non-motile, non-sporeforming rods, approx. 1 mm wide and 2 mm long. Aerobic and oxidase-and catalase-positive. Good growth occurs after 48 h on NA, brain heart infusion agar, TSA and R2A agar (all Oxoid), but not on MacConkey agar (Oxoid) at 28 uC. Growth occurs on NA at 10-45 uC, but not at 4 or 50 uC. Grows at 28 uC in the presence of 1.0-2.0 % NaCl (weak growth at 3 %, no growth at 4 %) as an additional ingredient of TSB and at pH 5.5-12.5 but not at pH 4.5. Colonies on NA are smooth, yellowish, circular, translucent and glistening with entire edges. Colonies become mucoid and cannot be identified as single entities after prolonged incubation. The yellow pigment of the flexirubin type is non-diffusible and non-fluorescent. Produces acid weakly from D-glucose. No acid is produced from adonitol, L-arabinose, D-arabitol, dulcitol, erythritol, myo-inositol, lactose, maltose, trehalose, D-mannitol, melibiose, methyl a-D-glucoside, raffinose, L-rhamnose, salicin, D-sorbitol, sucrose or D-xylose. Urease activity, indole production and hydrolysis of casein, gelatin, starch, DNA and tyrosine are positive, while production of brown diffusible pigments on tyrosine agar, hydrogen sulphide production and activities of arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and b-galactosidase (ONPG) are negative.
The following compounds are not utilized as sole sources of carbon: acetate, propionate, N-acetylgalactosamine, N-acetylglucosamine, L-arabinose, L-arbutin, cellobiose, D-galactose, gluconate, D-glucose, maltose, D-mannose, Dfructose, trehalose, glycerol, D-mannitol, maltitol, melibiose, L-rhamnose, D-ribose, sucrose, salicin, D-xylose, Fig. 1 . Maximum-likelihood tree based on nearly full-length 16S rRNA gene sequences showing the phylogenetic position of strains 100 T and C26 T among type strains of the genus Chryseobacterium. The tree was calculated in ARB using RAxML with rapid bootstrap analysis and 100 replications. Nucleotides between positions 82 and 1394 (E. coli numbering; Brosius et al., 1978) were included in the analysis. Bootstrap values above 70 % are shown at branch nodes. Two type strains of the genus Elizabethkingia were used as an outgroup. Bar, 0.001 nucleotide substitutions per site. Table 2 . Long-chain fatty acid compositions of strains C26 T and 100 T and type strains of related species of the genus Chryseobacterium Strains/species: 1, C26 T ; 2, 100 T ; 3, C. joostei CCUG 46665 T ; 4, C. viscerum 687B-08 T ; 5, C. tructae 1084-08 T ; 6, C. culicis R4-1A T ; 7, C. jejuense KACC 12501 T ; 8, C. indologenes CCUG 14556 T ; 9, C. aquifrigidense KCTC 12894 T ; 10, C. arthrosphaerae CC-VM7 T ; 11, C. gleum. Data were obtained from this study (columns 1-5) or from Kämpfer et al. (2010a, b) (columns 6-10); data in parentheses and in column 11 (obtained from cells grown on TSA at 20 uC for 24 h) are means±SD taken from a survey of 45 C. indologenes strains and five C. gleum strains by Hugo et al. (2003) . Fatty acids amounting to less than 1 % of the total fatty acids in all strains were not included. TR, Trace (less than 1.0 %); 2, not detected. Fig. 3 . Polar lipid profiles of strains C26 T (a) and 100 T (b) after separation by two-dimensional TLC and detection using 5 % ethanolic molybdatophosphoric acid. PE, Phosphatidylethanolamine; AL1-4, unidentified aminolipids; APL1, unidentified aminophospholipid; GL1-6, unidentified glycolipids; L1-9, unidentified polar lipids not detectable with any of the spray reagents specific for lipids containing a phosphate group, an amino group or a sugar moiety.
Fatty
adonitol, myo-inositol, D-sorbitol, putrescine, cis-and trans-aconitate, 4-aminobutyrate, adipate, azelate, fumarate, glutarate, DL-3-hydroxybutyrate, itaconate, DL-lactate, 2-oxoglutarate, pyruvate, suberate, citrate, mesaconate, Lalanine, b-alanine, L-ornithine, L-phenylalanine, L-serine, L-aspartate, L-histidine, L-leucine, L-proline, L-tryptophan, 3-hydroxybenzoate, 4-hydroxybenzoate and phenylacetate. The following chromogenic substrates are hydrolysed: pnitrophenyl (pNP) a-D-glucopyranoside, pNP b-D-glucopyranoside (weakly), pNP b-D-galactopyranoside, bis-pNP phosphate, bis-pNP phenylphosphonate, bis-pNP phosphorylcholine, 2-deoxythymidine-29-pNP phosphate, Lalanine p-nitroanilide (pNA), c-L-glutamate pNA and L-proline pNA. pNP b-D-xylopyranoside and pNP b-Dglucuronide are not hydrolysed. The major cellular fatty acids (.15 %) are iso-C 15 : 0 , summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c), iso-C 17 : 1 v9c and iso-C 17 : 0 3-OH. The polyamine pattern contains the major compound symhomospermidine and small amounts of 1,3-diaminopropane, putrescine, cadaverine, spermidine and spermine. The quinone system is exclusively MK-6. The polar lipid profile is composed of the major lipids phosphatidylethanolamine, unknown aminolipids AL1, AL3 and AL4, unknown glycolipids GL1, GL3, GL4 and GL6 and unknown lipids L3 and L8. Additionally, minor amounts of one aminophospholipid (APL1), one aminolipid (AL2), two glycolipids (GL2 and GL5) and six lipids (L1, L2, L4, L5, L7 and L9) not containing a sugar residue, an amino group or a phosphate group are present.
The type strain is 100 T (5LMG 27808 T 5CCM 8493 T ), isolated from a pharyngeal scrape sample obtained from a living and apparently healthy chicken in Saxony-Anhalt, Germany.
Description of Chryseobacterium contaminans sp. nov.
Chryseobacterium contaminans (con.ta9mi.nans. L. part. adj. contaminans contaminating, polluting, referring to the isolation of the type strain as a contaminant of an agar plate from a rhizosphere sample).
Cells are Gram-negative staining, non-motile, non-sporeforming rods, approx. 1 mm wide and 2 mm long. Aerobic and oxidase-and catalase-positive. Good growth occurs after 48 h on NA, brain heart infusion agar, TSA and R2A agar (all Oxoid) but not on MacConkey agar (Oxoid) at 28 uC. Growth occurs on NA at 8-37 uC, but not at 4 or 45 uC. Grows at 28 uC in the presence of 1.0-2.0 % NaCl (not at 3 %) as an additional ingredient of TSB and at pH 5.5-12.5, but not at pH 4.5. Colonies on NA are smooth, yellowish, circular, translucent and glistening with entire edges. Colonies become mucoid and cannot be identified as single entities after prolonged incubation. The yellow pigment of the flexirubin type is non-diffusible and non-fluorescent. Produces acid from D-glucose, L-arabinose, maltose and trehalose. No acid is produced from adonitol, D-arabitol, dulcitol, erythritol, myo-inositol, lactose, D-mannitol, melibiose, methyl a-D-glucoside, raffinose, L-rhamnose, salicin, D-sorbitol, sucrose or D-xylose. Urease activity, indole production and hydrolysis of casein, gelatin, starch, DNA and tyrosine are positive, while production of brown diffusible pigments on tyrosine agar, hydrogen sulphide production and activities of arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and b-galactosidase (ONPG) are negative. The following compounds are not utilized as sole sources of carbon: acetate, propionate, N-acetylgalactosamine, N-acetylglucosamine, Larabinose, L-arbutin, cellobiose, D-galactose, gluconate, Dglucose, maltose, D-mannose, D-fructose, trehalose, glycerol, D-mannitol, maltitol, melibiose, L-rhamnose, D-ribose, sucrose, salicin, D-xylose, adonitol, myo-inositol, D-sorbitol, putrescine, cis-and trans-aconitate, 4-aminobutyrate, adipate, azelate, fumarate, glutarate, DL-3-hydroxybutyrate, itaconate, DL-lactate, 2-oxoglutarate, pyruvate, suberate, citrate, mesaconate, L-alanine, b-alanine, L-ornithine, L-phenylalanine, L-serine, L-aspartate, L-histidine, L-leucine, L-proline, L-tryptophan, 3-hydroxybenzoate, 4-hydroxybenzoate and phenylacetate. The following chromogenic substrates are hydrolysed: pNP a-D-glucopyranoside, pNP b-D-glucopyranoside (weakly), pNP b-D-galactopyranoside, bis-pNP phosphate, bis-pNP phenylphosphonate, bis-pNP phosphorylcholine, 2-deoxythymidine-29-pNP phosphate, L-alanine pNA, c-L-glutamate pNA and L-proline pNA. pNP b-Dxylopyranoside and pNP b-D-glucuronide are not hydrolysed. The major cellular fatty acids (.15 %) are iso-C 15 : 0 , summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c), iso-C 17 : 1 v9c and iso-C 17 : 0 3-OH. The polyamine pattern contains the major compound sym-homospermidine and small amounts of 1,3-diaminopropane, putrescine, cadaverine, spermidine and spermine. The quinone system is composed predominantly of menaquinone MK-6. The polar lipid profile is composed of the major lipids phosphatidylethanolamine, unknown aminolipids AL1, AL3 and AL4, unknown aminophospholipid APL1, unknown glycolipids GL3 and GL4 and unknown lipids L3 and L8. Additionally, minor amounts of one aminolipid (AL2), four glycolipids (GL1, GL2, GL5 and GL6) and six lipids that do not contain a sugar residue, an amino group or a phosphate group are present.
The type strain is C26 T (5LMG 27810 T 5CCM 8492 T ), isolated from an agar plate of a rhizosphere sample in Auburn, AL, USA.
